The proteasome: molecular machinery and pathophysiological roles.
The 26S proteasome, in collaboration with ubiquitin, operates the energy-dependent regulated proteolysis process in eukaryotic cells. Over the past 30 years, several studies have comprehensively characterized the structure and molecular/physiological functions of the 26S proteasome. It is a sophisticated 2.5-MDa protein degradation machine comprising a proteolytic core particle (CP) and one or two terminal regulatory particle(s) (RP). The CP consists of two outer α rings and two inner β rings, which are made up of seven structurally similar α and β subunits, respectively. The CP contains catalytic threonine residues (β1, β2, and β5; caspase-like, trypsin-like, and chymotrypsin-like activities, respectively) on the inner surface of the chamber formed by two abutting β rings. Intriguingly, the immunotype proteasomes, named 'immunoproteasome' and 'thymoproteasome', whose catalytic subunits are replaced by the related counterparts, were discovered lately. Both unique isoenzymes essentially contribute to the acquisition of adaptive immunity in vertebrates. The RP, which serves to recognize polyubiquitylated substrate proteins and plays a role in their deubiquitylating, unfolding, and translocation into the interior of the CP for destruction, forms two subcomplexes: the base and the lid. On another front, the PA28 and PA200, alternative CP activator proteins discovered biochemically, both play independent roles in proteolysis of the 26S proteasome. Several studies have highlighted the importance of the proteasome in various intractable diseases that have been increasing in the aged society of the 21st century.